We propose a new structure of InGaP/GaAs Hetero-junction Bipolar Transistor (HBT) with dual emitter fingers for power amplifier application, which is optimized for uniform thermal distribution within the device. The optimized thermal management of the proposed HBT relaxes the current decrease by a factor of 1.41 under active current bias, and prevents current gain collapse up to V CE of 8 V, while a conventional device shows a significant collapse at V CE = 6.2 V.
Introduction
Hetero-junction bipolar transistors (HBTs) have a high potential for high-power, high efficiency microwave amplifier applications. Current trends in InGaP/GaAs HBT for power amplifier application are fabrication of devices with a smaller size, higher power density, and behavior less affected by thermal limitation. In designing a power amplifier, multiplication of the HBT devices is needed to realize sufficient output power performance. However, current gain collapse is an inevitable phenomenon, and is caused by one unit cell runaway in multifinger HBTs. Ballasting resistance decreases the power gain while improving the thermal stability. Thus, the primary goal of a unit cell designer is to maximize the power capability and optimize the thermal distribution within the device without using a ballasting resistor. In the view of the thermal distribution of a unit cell, the base-emitter junction is important in forming a maximum temperature area, that is, intrinsic area of unit cell has maximum temperature in the device. 1) Considering the emitter crowding effect, the point of maximum temperature in the intrinsic area is just below the place where the maximum current flows due to the emitter crowding effect in base layer. This is the direction of this research, that is, designing an optimum device for power amplifier applications. We devise a thermally stable HBT structure composed of one base finger with two emitter fingers (1B2E), simulate the thermal distribution in the devices, and evaluate the current-voltage characteristics of the fabricated devices in comparision with the conventional one of two base fingers with one emitter finger (2B1E).
Simulation of Thermal Distribution in the Device
The general form of heat flow equation is
where C is the heat capacitance per unit volume, k is the thermal conductivity, H is the heat generation rate and T L is the local lattice temperature. The full equation for heat generation contains a radiative contribution (due to joule heat of electrons and holes) and recombination heat (due to the generation or recombination of electrons and holes that absorb or release a quantum of energy equal to the band-gap). Usually the * E-mail address: parkcs@icu.ac.kr recombination heat is ignored because it is small value compared to the joule heat generation.
2) Thus, the approximated form of heat generation is
This equation means that the high-temperature region is the collector layer and that the extrinsic area of HBT is not hotter than the intrinsic area because the ionized impurity scattering is dominant in the collector region due to high electric field. Figure 1 shows the simulated thermal distribution of the 1B2E structure in comparison with that of the 2B1E structure. Under this condition, the emitter crowding effects are clearly visible and high temperature region in the unit cell are observed at the place where the emitter crowding effect occurs. We simulate thermal distribution with temperature-independent thermal conductivity for simulation simplicity. For easy convergence of the simulation, we simplify the structure of a unit cell, only including an emitter, base, collector, and subcollector layer. The thermal boundary conditions for the simulation are considered at the bottom of the device, modeled as GaAs substrate, and on the area between air and the passivation material. In these simulations, we do not consider the emitter airbridge effect (thermal shunt 3, 4) ). Figures 1(a) and 1(b) show cross-sectional views of thermal distribution for each type of unit cell at I c = 235 µA/µm 2 (collector current density) and V CE = 2 V. As shown in these simulation results, the emitter crowding effect occurs in devices with a large emitter width and heavily doped base such as those for power amplifier applications. 5) In the case of the 2B1E structure, it is clear that heat generation on both sides in the intrinsic area accumulates at the center of the intrinsic area. Figures 1(c) and 1(d) show the crosssectional temperature distribution of each structure, revealing that the maximum temperature of the 1B2E structure is lower than that of the 2B1E structure by 12 K, 332 K and 344 K, respectively, for the collector current density of 235 µA/µm 2 and V CE of 2 V. the active bias region of the HBT. The unit cell of 1B2E exhibits less reduction of current gain with an increase of V CE compared to that of 2B1E. This means that the back-injected hole current is less apparent in the 1B2E unit cell than in the 2B1E unit cell because the temperature of 1B2E is more uniformly distributed in the device than that of 2B1E. This current capability and thermal characteristic of the unit cell are important in the HBT array of power stage because the current gain collapse is caused by one unit cell runaway in the multifinger array. The 2B1E structure has larger negative resistance than that of 1B2E by 1.41 times between collector voltages, 1.4 V and 5 V as shown in Fig. 2 .
Measured Current-Voltage Characteristics
To analyze the thermal behavior of each array with three unit cells, measured data at 0.7 times of the current level shown in Fig. 2 is shown in Fig. 3 . Because of the high lattice temperature of the 2B1E unit cell, the 2B1E structure has inferior thermal stability. The 2B1E array exhibits current gain collapse at V CE = 6.2 and I B = 480 µA as indicated by ellipses, while the 1B2E array does not exhibit any significant current gain collapse even up to V CE of 8 V. The 2B1E structure exhibits current gain collapse at V CE of 8 V even with a collector current as small as 252 µA/µm 2 . This stabilized current-voltage characteristic is attributed to the wellmanaged thermal distribution of the array composed of the proposed three 1B2E HBTs.
Conclusions
We propose a new device structure of InGaP/GaAs HBT which has two emitter fingers and one base finger between the emitters, and evaluate the thermal distribution and currentvoltage characteristics in comparison with the conventional HBT structure of two base fingers and one emitter finger. The proposed structure was simulated to have a uniform temperature profile under the emitter fingers, and to have a maximum temperature value lower than that of the conventional structure by 12 K for the collector current density of 235 µA/µm 2 , which is within the typical current density range for power amplifier operation. The optimized thermal management of the dual-emitter HBT relaxes the current decrease by a factor of 1.41 under active current bias, and prevents current gain collapse up to V CE of 8 V, while the conventional device shows a significant collapse at V CE = 6.2 V.
